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CONTRIBUTIONS TO ECONOMIC GEOLOGY

SOME GEOLOGIC FEATURES OF THE PIMA MINING
DISTRICT, PIMA COUNTY, ARIZONA

By Jounx R. CoorEr

ABSTRACT

Rocks ranging in age from Precambrian to Recent crop out in the Pima dis-
trict. Granite, which locally contains many large inclusions of schist and horn-
fels, is believed to be Precambrian, as it appears to be overlain unconformably
by the Bolsa quartzite of Middle Cambrian age. Probably all the Paleozoic
formations of the region are represented, but only the Bolsa quartzite, at the
base of the Paleozoic section, has been differentiated on the geologic map. Over-
lying the Paleozoic rocks is a complex of sedimentary and volcanic rocks as-
signed to the Cretaceous(?). Sedimentary units include conglomerate, arkose,
graywacke, quartzite, shale, and a few thin beds of limestone. Volcanic units
include andesitic and rhyolitic types. The stratigraphic sequence within the
Cretaceous(?) complex is not known. Preliminary subdivisions based on lithol-
ogy are shown on the map.

Diorite, andesite, granodiorite, and quartz monzonite porphyry postdate the
Cretaceous (?) complex and are assigned to the Late Cretaceous or early Tertiary.
These rocks, with the possible exception of some of the diorite and andesite, were
intruded after a major orogeny that affected the Cretaceous(?) complex. They
are all mineralized locally. The quartz monzonite porphyry, which is probably
the youngest of these rocks, is associated in space with several large copper de-
posits, suggesting that porphyry and ore are related genetically.

In one part of the district, folded and faulted Cretaceous(?) rocks are uncon-
formably overlain by a welded rhyolitic tuff. It is not clear whether the tuff is
older or younger than the ore.

A deformed postmineralization formation, here named the Helmet fanglom-
erate, overlies the ryholitic tuff unconformably. The fanglomerate consists pre-
dominantly of coarse, ill-sorted and ill-bedded conglomerate characterized by
angular pebbles, cobbles, and boulders in an abundant silty matrix. Intercalated
are lava flows of porphyritic andesite, scarce thin beds of rhyolitic tuff and tuffa-
ceous sediments, and lentils and tongues of monolithologic breccia which appear
to have been emplaced as landslides. Several stratigraphic units are indicated
by variations in color, composition of fragments, sedimentation features, and
~presence or absence of tuffaceous material. The formation is probably at least
10,000 feet thick. It is believed to be made up of alluvial-fan deposits derived
from the west, southwest, or northwest. No fossils have been found, but tenta-
tive correlations suggest that the fanglomerate may be of early Miocene age.

Andesite dikes cut the Helmet fanglomerate; and Quaternary alluvial deposits
cover much of the central and eastern part of the area described.

The structural relations of the Helmet fanglomerate indicate two orogenies
that postdate the Cretaceous(?) rocks. The earlier, pregranodiorite and pre-
mineralization, resulted in complex fold and fault structural features that trend
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64 CONTRIBUTIONS TO ECONOMIC GEOLOGY

northwest. The later, post-mineralization and post-Helmet, resulted in a large
thrust fault and steep tilting to the southeast.

Rotational effects of the post-Helmet orogeny must be removed to restore the
structure at the time of mineralization.

The San Xavier thrust fault beneath the northeastern part of the district cuts
the Helmet fanglomerate and is therefore a postmineralization thrust. Smail
faults in boulders of the fanglomerate in the thrust plate suggest that the plate
moved north-northwest. Similarities in the geology of the plate and of the
autochthonous block to the south suggest that the plate moved about 614 miles
north-northwest.

INTRODUCTION

The Helmet fanglomerate in the Pima mining district is a deformed
postmineralization formation of Tertiary age. Where the fan-
glomerate is present, it forms a thick blanket over the potentially
ore-bearing rocks. It also provides a basis for distinguishing late
Tertiary from older structural features. The purpose of this report
is to describe the fanglomerate and discuss the postmineralization
structure that can reasonably be inferred. Color terms used to
describe the rocks are those of the “Rock-Color Chart” of the National
Research Council (1948). The roundness of sedimentary particles
and their size (Wentworth scale) are described in terms adopted
by the American Geological Institute (1958).

The Pima mining district is an old copper, lead, zinc, and precious-
metal district in Pima County, Ariz., 15 to 30 miles by road south-
southwest of Tucson (fig. 15). The district promises to become
one of the major sources of copper in the United States as a result
of the recent discovery of several large deposits.

The principal new discoveries in the district have been made by
four mining companies and include those at and near the Mineral
Hill, Daisy, and Glance mines of the Banner Mining Co. (Bow-
man, 1955; Storms and Bowman, 1957; anonymous, 1958a and
1959b), the Pima open-pit mine of the Pima Mining Co. (Thurmond,
Heinrichs, and Spaulding, 1954; Thurmond and Storms, 1958;
Thurmond, Olk, and others, 1958), the Esperanza open-pit mine of
the Duval Sulphur and Potash Co. (anonymous, 1957, 1958b, and
1959a), and the Mission deposit (once called the East Pima deposit)
of the American Smelting and Refining Co. (anonymous, 1957, 1958b,
and 1959¢). .

Some geologic information on the district is given in the reports
just referred to and also in brief reports by Ransome (1922), Web-
ber (1929), Wilson (1941, p. 36-37; 1950, p. 839-51), Cummings and
Romslo (1950), Lacy (1959), MacKenzie (1959), Irvin (1959), Jour-
neay (1959), Richard and Courtright (1959), and Schmitt and others
(1959). Additional data are available at the University of Arizona
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F1coRe 15. Index map of southeastern Arizona showing the location of the Pima mining
district.

in eight unpublished theses by geology students® and in a Survey
open-file report by Anderson and Kupfer (1945).

The present report is the first product of a geologic study of the
district started in the fall of 1957 by the U.S. Geological Survey. J.
H. Stewart and J. C. Wright assisted me for a month each at the start

of the project, and A. R. Conroy assisted from October 1958 to June
1959.

1 The papers following are on file at the University of Arizona Library.

Gorden, E. R., 1922, The geology of the Twin Buttes mining distriet: Arizona Uniy.
M.S. thesis, 10 p., 3 illus.

Brown, R. L., 1926, Geology and ore deposits of the Twin Buttes distriet: Arizona Univ.
M.S. thesis, 40 p., 12 pl., 15 fig. (Footnote continues on next page.)
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Mining-company employees and others familiar with the Pima
district have cooperated in many ways. Especial acknowledgment
is due: Messrs. K. E. Richard, J. H. Courtright, and J. E. Kinnison,
of the American Smelting and Refining Co.; Messrs. A. B. Bowman
and F. D. MacKenzie, of the Banner Mining Co.; Messrs. G. E. At-
wood, D. M. Klippinger, and W. J. Roper, of the Duval Sulphur and
Potash Co.; Messrs. W. D. Nelson and G. W. Irvin, of the McFarland
and Hullinger Co.; Messrs. E. D. Spaulding and J. A. Journeay, of
the Pima Mining Co.; Mr. W. R. Jones of the U.S. Geological Survey;
and Messrs. R. C. Cribbs, T. A. Dodge, E. D. Wilson, and H. A.
Schmitt, of Tucson, Ariz.

PHYSIOGRAPHIC SETTING AND GENERAL GEOLOGIC
FEATURES

The Pima district is on the northeast flank of the Sierrita Moun-
tains in the Basin and Range physiographic province. The south-
western part of the district, which contains the Esperanza (Duval)
mine, is in foothills that are continuous with the main part of the
mountains. The rest of the district is beneath an extensive pediment.
This pediment is not perfectly even but is trenched by shallow arroyos
and surmounted by isolated hills, such as Mineral Hill, Helmet Peak,
and Twin Buttes, which are conspicuous landmarks. Alluvium of
Santa Cruz valley overlaps the eastern part of the pediment and is
about 200 feet thick over the large Pima and Mission ore bodies.

The rocks exposed in the district include an upper Cretaceous or
lower Tertiary granodiorite to the west and a complex of faulted
and folded sedimentary and igneous rocks to the east and south (pl. 1).
Ore mineralization followed intrusion of the granodiorite and of a
quartz monzonite porphyry that is either a facies of the granodiorite
or a genetically related intrusive rock. Important clues to the struc-
tural history are provided by the postmineralization Helmet fanglom-
erate, which has not been described heretofore. In this report the
rocks of the district are grouped for convenience as (a) rocks older
than the Helmet fanglomerate, (b) the Helmet fanglomerate, and (c)
rocks younger than the Helmet fanglomerate.

Park, C. F., Jr., 1929, Geology of the San Xavier district: Arizona Univ. M.8. thesis,
30 p., 3 illus.

Eckel, E. B., 1980, Geology and ore deposits of the Mineral Hill area, Pima County,
Arizona : Arizona Univ. M.S. thesis, 51 p.

Mayuga, M. N, 1942, The geology and ore deposits of the Helmet Peak area, Pima
County, Arizona : Arizona Univ. Ph. D. thesis, 124 p.

Whitcomb, H, A., 1948, Geology of the Morgan mine area, Twin Buttes, Arizona: Ari-
zona Univ, M.S. thesis, 82 p., 17 pl.

Houser, F. N., 1949, The geology of the Contention mine area, Twin Buttes, Arizona:
Arizona Univ. M.S. thesis, 71 p., 18 pl.

Lutton, R. J., 1958, Some structural features of southern Arizona: Arizona Univ. M.8.
thesis, 138, p., 46 pl.
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ROCKS OLDER THAN THE HELMET FANGLOMERATE
PRECAMBRIAN GRANITE

Granitoid rocks of at least two ages crop out in the district; some
are certainly Cretaceous or Tertiary, and others are probably Pre-
cambrian. This relation was suspected by Ransome (1922, p. 409-
418) and is indicated on the Geologic Map of Arizona (Darton and
others, 1924). Most later descriptions of the district state or imply
that all the granitoid rocks are of Cretaceous or Tertiary age. I
believe that Precambrian granite and Cretaceous or Tertiary granodi-
orite are present, though some modification of the preliminary map
pattern (pl. 1) may be required after more work is done.

In a small hill 414 miles southeast of the Pima mine, the lowermost
Paleozoic formation, the Bolsa quartzite of middle Cambrian age,
lies with gentle dip on granite. The quartzite has a basal conglom-
erate and truncates foliation in the granite. Though no fragments
of granite were recognized in the basal conglomerate, the contact of
the conglomerate and granite is almost certainly an unconformity.

The geologic relations, shown on plate 1 near Twin Buttes village
and on the west side of Mineral Hill also suggest that the Bolsa
quartzite was deposited on the granite and therefore that the granite
is of Precambrian age. Wherever the granite was found in contact
with post-Bolsa formations, the relation is due to faulting or is inde-
terminate because of poor exposures.

South of the latitude of Ruby Star Ranch, the Precambrian granite
contains many large unmapped inclusions of schist and hornfels. A
steep northwest-trending foliation is characteristic. What appears
to be the least contaminated igneous rock has the mineral composi-
tion of granite or quartz monzonite. Its texture is uneven and vari-
able and the rock is commonly a little coarser grained than the
younger granodiorite. The principal field criterion used to dis-
tinguish the two rocks is the character of the biotite; the biotite in the
older granite is in aggregates of tiny flakes, whereas the biotite in the
younger granodiorite is in conspicuous books, which are commonly
as high as they are wide. By using this criterion, the contact between
granite and the small granodiorite body a mile northwest of Twin
Buttes village can be defined within a foot. The contact between
granite and the large granodiorite body west of Twin Buttes village
is poorly exposed and is obscured by postgranodiorite alteration.

Most of the inclusions in the granite are fine-grained dark-gray
schist and hornfels, presumed to be mafic metavolcanic rock derived
from the Pinal schist of Precambrian age, which is nowhere exposed
in the district. In the isolated hill 415 miles southeast of the Pima

541342—60——2
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mine, some of the included material is quartzite, also presumed to be
from the Pinal. The inclusions are commonly cut by dikes and seams
of granite, aplite, and pegmatite; and at a few places injection gneiss
has been formed.

Granite containing many inclusions and resembling the rock near
Twin Buttes crops out between Mineral Hill and the high hill just
northwest of the San Xavier mine. West and southwest of this area
the only inclusions found are in a wedge next to the granodiorite
3 miles west of Mineral Hill. Much of the intervening granite is
medium to coarse grained and low in dark-mineral content. The grain
size is not uniform, and large round grains and aggregates of quartz
are characteristic. This facies of the granite is called the Sierrita
granite by Lacy (1959, p. 186).

The typical Sierrita granite of Lacy contains masses of medium-
grained rock with mineral composition and texture resembling some
facies of the Cretaceous and Tertiary granodiorite. This rock is
tentatively regarded as part of the Precambrian granite complex
because it has a sharp contact with the granodiorite and appears to
grade into the Sierrita granite. It is distinguishable from the adja-
cent marginal facies of the granodiorite by lack of hornblende and
by smaller and less abundant books of biotite.

PALEOZOIC SEDIMENTARY ROCKS

Discontinuous masses of Paleozoic sedimentary rocks crop out
within a few miles of Twin Buttes, and also in the Mineral Hill-Hel-
met Peak area. Most, if not all, of the Paleozoic formations of the
region are represented; but the details of stratigraphy and structure
are obscure because of complex faulting, widespread pyrometamorph-
ism, and discontinuity of outcrop. The following formations have
been recognized :

Pennsylvanian and Permian, Naco group:
Concha limestone (Gilluly, Cooper, and Williams, 1954, p. 29-30)
Scherrer formation (Gilluly, Cooper, and Williams, 1954, p. 27-29)
Colina limestone (Gilluly, Cooper, and Williams, 1954, p. 23-25)
Barp formation (Gilluly, Cooper, and Williams, 1954, p. 18-23)
Horquilla limestone (Gilluly, Cooper, and Williams, 1954, p. 16-18)

Mississippian :
Escabrosa limestone (Ransome, 1904, p. 42-44)

Devonian:
Martin limestone (Ransome, 1904, p. 33-42)

Cambrian:

Abrigo formation (Ransome, 1904, p. 30-33)
Bolsa quartzite (Ransome, 1904, p. 28-30)
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This list of formations is preliminary and may not be complete.
Beds of shale, limestone, marl, and gypsum that crop out near the San
Xavier mine and on Mineral Hill have been tentatively assigned to
the Earp formation. On an isolated hill 114 miles south-southeast of
Twin Buttes village, a truncated anticline reveals beds with typical
Earp lithology and fossils, flanked in part by dolomite beds that prob-
ably represent the base of the Colina limestone.

Detailed mapping of the Paleozoic formations will require a large-
scale map and much more fieldwork than the Geological Survey has
done to date. On the preliminary map (pl. 1) the Bolsa quartzite is
shown separately in order to indicate some of the structural relations.

CRETACEOUS(?) SEDIMENTARY AND VOLCANIC ROCKS

A complex of sedimentary and volcanic rocks here considered to be
of Cretaceous(?) age is exposed in the northeastern and southern
parts of the Pima district. Sedimentary units include conglomerate,
arkose, graywacke, quartzite, shale, and a few thin beds of limestone.
Volcanic units include andesitic and rhyolitic types.

A lenticular limestone unit in arkose about half a mile south of
Helmet Peak contains the remains of pelecypods, gastropods, and
ostracodes. The gastropods and pelecypods found are indetermina-
ble (J. B. Reeside, Jr., written communication, Apr. 25, 1958). Con-
cerning the ostracodes, I. G. Sohn states (written communication,
Sept. 23, 1958) :

. .. Very poorly preserved ostracodes of the fresh-water type common in
Upper Jurassic through Recent sediments are present. Based on the ostracodes,
the field designation of “Cretaceous” is mneither confirmed nor denied. The
ostracodes are definitely nonmarine. Gross morphology suggests the following
nondiagnostic forms :

“Metacypris” sp. or spp.—bisulcate type
Darwinula? sp.

In the Tucson Mountains (fig. 15), 10 to 15 miles north of the Pima.
district, a limestone unit in the Amole arkose of Bryant and Kinnison
has yielded well-preserved ostracodes of species that are very common
in the nonmarine Jurassic and Lower Cretaceous rocks of the Rocky
Mountain region but are unknown in Upper Cretaceous rocks (Bryant
and Kinnison, 1954). The Amole arkose is lithologically similar to
the arkose south of Helmet Peak; this similarity suggests that the
latter is of Jurassic or Early Cretaceous age. The entire complex is
herein referred to the Cretaceous( ?).

The stratigraphy and the structure of the Cretaceous(?) complex
are obscure. The lithologic subdivisions shown on the geologic map
are generalized and subject to modification when more work is done.
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Some small dikes are not shown, and some larger hypabyssal intrusive
bodies may be included in the andesite and rhyolite units.

The basal unit of the complex may be exposed just south of Hel-
‘met Peak. The peak is underlain by the Concha, Scherrer, and
Colina formations in an upright isoclinal anticline that plunges
steeply south-southeast. Both limbs of the anticline are faulted and
are bordered by Cretaceous(?) rocks. In small isolated outcrops less
than half a mile southeast of the peak, a pebble and cobble conglom-
erate containing fragments of limestone is in apparent depositional
contact on the Concha limestone on the projection of the fold. The
conglomerate is unlike any known beds in the Paleozoic section and
is interpreted as the basal unit of the Cretaceous(?) sequence.

According to this interpretation the basal conglomerate is con-
fined to the narrow fault block that contains the anticline, and there-
fore is out of position with respect to the Cretaceous(?) rocks that
border the fault block. The direction and the amount of displace-
ment on the bounding faults are not known. Large displace-
ment is suggested by discordances in bedding attitudes within the
fault block from attitudes on the two sides. Therefore no reliable
conclusions concerning the general sequence of Cretaceous(?) units
can be drawn.

UPPER CRETACEOUS OR LOWER TERTIARY INTRUSIVE ROCKS

Diorite, andesite, granodiorite, and quartz monzonite porphyry
cut previously deformed rocks of the Cretaceous(?) complex and
older formations. These intrusive rocks are probably of Late
Cretaceous or early Tertiary age and are mineralized locally.

DIORITEH

Biotite diorite is found in the southern part of the map area, as
dikes and plugs in the Cretaceous(?) complex and as a large irregu-
lar body almost surrounded by granodiorite (in part somewhat
atypical). The diorite is probably older than the granodiorite and
quartz monzonite porphyry, for it is cut by what appear to be dikes
and apophyses of these rocks. Small granitoid inclusions in the
diorite indicate that there is an older granitic rock in the vicinity.

Tentatively mapped as diorite is the biotite-quartz granulite of
Anderson and Kupfer (1945, p. 5), which crops out immediately
northeast of the Esperanza mine. This rock, which resembles the
typical diorite in some outcrops, is schistose locally and is injected
by granodiorite and aplite. More work is needed to establish its
age and correlation.
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The typical diorite is a fine-grained medium-gray rock in which
plagioclase and biotite are distinguishable with a hand lens. Some
of the biotite is concentrated in dark clots several millimeters in
diameter.

Examination of thin sections reveals the diorite from the
large diorite body has intergranular texture. Laths of plagioclase
(calcic andesine) make up about 60 percent of the rock and have
subparallel orientation. Biotite and actinolitic(?) hornblende, in
nearly equal amounts, make up much of the rest and have random
orientation. Potassium feldspar and quartz rim and embay the other
minerals, and are largely or wholly of replacement origin. Acces-
sory minerals include magnetite, sphene, apatite, and epidote.
The dark clots, so characteristic in most hand specimens, consist
of aggregates of biotite, hornblende, and commonly magnetite dust.

The ferromagnesian minerals appear to be replacement products.
They lack the preferred orientation of the plagioclase and are com-
monly intergrown with one another and at places have a poikiloblas-
tic habit. Secondary magnetite dust, sphene, and epidote are found
as inclusions in them. It is quite possible that the original ferro-
magnesian mineral was pyroxene or amphibole different from the
one now present. The biotite, potassium feldspar, and quartz may
have resulted from silica and potassium metasomatism related to
the granodiorite or quartz monzonite porphyry intrusions,

ANDESITE

In the southern part of the map area, dark-gray fine-grained
igneous rock, classified as andesite by geologists of the Duval Sul-
phur and Potash Co., forms dikes and pluglike masses in the Cre-
taceous( ?) complex. Some of the richest ore in the Esperanza mine
is in small much-altered bodies of this rock (Harrison Schmitt, 1958,
oral communication). The andesite is probably older than the
quartz monzonite porphyry, for the porphyry contains inclusions of
andesite and what appears to be a dike of the porphyry was found
in one of the pluglike bodies of andesite. No field evidence bearing
on the age of the andesite with respect to the diorite or granodiorite
has been found.

The andesite is divisible into two textural varieties. One variety
is nearly equigranular and so fine grained that plagioclase is the only
mineral distinguishable with a hand lens. The other variety contains
conspicuous phenocrysts of hornblende, commonly oriented by flow.
I have made no microscopic study of either variety as yet.
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GRANODIORITE

Granodiorite forms a large intrusive body in the western part of
the district and smaller bodies in the eastern part (pl. 1). About 114
miles southwest of Twin Buttes village, the large body cuts faulted
Paleozoic and Cretaceous(?) beds which strike northwest and dip
steeply. Tongues of granodiorite were intruded along and across
some of the faults; this crossing proves that granodiorite emplace-
ment followed an orogeny of Late Cretaceous or early Tertiary age.

The unaltered granodiorite is generally light gray, which in places
has a pinkish, yellowish, or brownish cast. Three textural varieties
grade into one another and are not mapped separately: (a) granodi-
orite porphyry found in small bodies and as a local border phase of
the larger bodies; (b) medium-grained equigranular granodiorite
found in the medium-sized bodies and in a zone 14 to 2 miles wide
along the east side of the large body; and (c¢) porphyritic granodi-
orite found in the large body west of the equigranular facies. The
granodiorite porphyry is characterized by abundant medium-sized
crystals in a fine-grained groundmass. The porphyritic granodiorite
contains sparse phenocrysts of potassium feldspar as much as 2 inches
long in a medium-grained equigranular groundmass.

Quartz, feldspar, and books of biotite are evident in hand specimens
of all facies of the rock. With a hand lens it is commonly possible
to distinguish gray twinned plagioclase from slightly pinkish gray
untwinned potassium feldspar and to discern small brilliant honey-
colored crystals of sphene. In the eastern equigranular facies of the
large body, hornblende is also common. This facies of the rock is
further distinguished in some outcrops by the presence of ellipsoidal
mafic inclusions generally less than 1 foot long.

As seen in thin section, the equigranular granodiorite and the
groundmass of the porphyritic granodiorite have a hypidiomorphic-
granular texture. Anhedral potassium feldspar and quartz are inter-
stitial to euhedral or subhedral crystals of plagioclase, biotite, and
hornblende (if present). The interstitial material in the granodiorite
porphyry, in the single thin section examined, is a very fine textured
granophyric intergrowth of quartz and potassium feldspar. In other
respects the texture is similar to that of the equigranular facies.

The plagioclase in all the facies has the average composition of
oligoclase and is commonly zoned from An ;5.4 in the centers of the
grains to Ang.,s at the rims. The potassium feldspar is generally
microcline, but some lacks visible quadrille twinning and may be ortho-
clase. Some grains are perthitic. The mineral proportions, sum-
marized in table 1, indicate that most of the rock is biotite-oligoclase
granodiorite. Some contains a high enough proportion of potassium
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feldspar to be classified as quartz monzonite (analysis 6 and possibly
analysis7,table1).

The granodiorite, as mapped, includes dikes and a few nearly equidi-
mensional bodies of aplite and pegmatite. The aplite and pegmatite
are most abundant near granodiorite contacts, both in the granodiorite
and in the wallrocks. Several miles west of Helmet Peak, astride the
contact of the granodiorite and the granite, dikes a few feet wide and
100 to 1,500 feet long are locally abundant enough to constitute 5 to
10 percent of the total bedrock, The trend of most of these dikes
ranges from N. 50° E. through east to S. 80° E. A few dikes trend

TaBLeE 1.—Modal analyses of Upper Cretaceous or lower Tertiary granodiorite

Large body Smaller bodies

Mineral Equigranular facies Porphyritic facies Equigranular facies Pox{ggyﬂtic
es

1 2 3 4 5 6 7

Plagioclase. . 48 47 43 45 50 42 39
Potassium
feldspar and
perthite___ 19 19 10 18 22 25 4.0
Quartz_ .. ___ 24 23 37 32 23 28 12
Granophyrie
quartz and
potassium
feldspar._ - |- oo e 28
Biotite and
chlorite . . . 55 6.3 5.1 3.4 3.3 3.1 11
Hornblende_. 2.3 204 | e
Myrmekite_ _ Tr. Tr. 1.6 .6
Opaque
minerals___ .6 .8 .5 .7
Sphene and
:

oxide. o} e .3 5.6
Total_[ 100.0 99. 2 99. 6 100. 1 100. 1 100. 0 100. 4

1. Granodiorite (specimen T6), near eastern contact of large body, 3 miles southwest
of Mineral Hill,

2. Granodiorite (specimen T7), 1.7 miles southwest of Twin Buttes village.

8. Porphyritic granodiorite (specimen T9), 4 miles west of Mineral Hill.

4. Porphyritic granodiorite (specimen T10), McGee road, 4.7 miles west of Twin Buttes
village.

5. Granodiorite (specimen T5), dump from shaft three-fourths of a mile north-northeast
of Twin Buttes village.

6. Quartz monzonite facies of granodiorite (specimen T11), 1 mile northwest of Twin
Buttes village.

7. Granophyric granodiorite porphyry (specimen T12A), small body near its contact
with arkose, 2.4 miles southwest of Helmet Peak.
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N. 5°-10° W. in what appears to be a conjugate set of fractures. Ir-
regular bodies of aplite as large as 1,750 by 1,000 feet are found near
the Esperanza mine.

Most of the aplite is a fine- to medium-grained granular aggregate
of potassium feldspar, quartz, sodic plagioclase, and a little muscovite
and biotite. 'Thelargest bodies near the Esperanza mine are relatively
high in biotite and contain euhedral to subhedral phenocrysts of feld-
gpar. The pegmatites, which are coarse-textured equivalents of the
aplites, locally contain a little beryl and black tourmaline.

QUARTZ MONZONITE PORPHYRY

Quartz monzonite porphyry of premineralization age crops out in
and near the Esperanza mine, in the Pima mine, and at a few other
places. Similar premineralization porphyries are reported at depth
near the Mission deposit (Richard and Courtright, 1959, p. 202) and
near Mineral Hill (F. D. MacKenzie, 1959, oral communication). The
occurrence of the same type of porphyry near several ore deposits in
the district suggests that this type of porphyry and ore are genetically
related.

The quartz monzonite porphyry is probably younger than the grano-
diorite. West of the Esperanza mine, a dikelike body of the porphyry
cuts the Cretaceous( ?) complex and extends a short distance into some-
what atypical granodiorite. North of the Esperanza mine, typical
granodiorite contains several small dikes of what appears to be a fine-
grained phase of the porphyry. These dikes certainly intrude the
granodiorite, but their correlation with the porphyry must be tentative
until thorough petrographic studies have been made. No indication of
relative age was found along most of the contacts of the quartz monzo-
nite porphyry and the granodiorite; these contacts are sharp at some
places and apparently gradational at others.

Hand specimens of unaltered quartz monzonite porphyry are light
to pinkish gray. Phenocrysts of pink potassium feldspar, white
plagioclase, gray quartz, and black biotite are readily discernible in a
very fine grained gray groundmass. Some of the potassium feldspar
phenocrysts are as much as 10 by 20 mm, but most are 5 to 10 mm in
maximum dimension. The phenocrysts of plagioclase, quartz, and
biotite are distinctly smaller and commonly range from 1 to 5 mm in
maximum dimension. The groundmass is a holocrystalline aggregate
of grains 0.03-0.06 mm in diameter. Some of the plagioclase and bio-
tite phenocrysts are only slightly larger than the groundmass grains.

The plagioclase phenocrysts are slightly zoned oligoclase, about
Ang;, with thin albitic rims. The potassium feldspar is perthitic and
is presumably orthoclase, as it lacks visible quadrille twinning char-
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acteristic of microcline. The groundmass is essentially potassium
feldspar and quartz; some plagioclase is present, but it is not twinned
and is difficult to recognize. Modal analyses (table 2) indicate that
the rock lacks sphene and contains a higher proportion of potassium
feldspar than the granodiorite.

Texture is more useful than mineral composition in distinguishing
the quartz monzonite porphyry from the granodiorite in the field.
The typical quartz monzonite porphyry is characterized by an abun-
dant fine-grained groundmass and conspicuous resorbed and rounded
phenocrysts of quartz. The only part of the granodiorite that has a
fine-grained groundmass is the porphyritic facies. The groundmass
of granodiorite porphyry is rarely abundant enough to completely
surround individual phenocrysts as it commonly does in the quartz
monzonite porphyry. Rounded quartz eyes, which resemble the re-
sorbed phenocrysts of the quartz monzonite porphyry, are found in
some parts of the granodiorite, but they are generally accompanied
by other quartz grains that lack this characteristic shape.

TaBLE 2.—Modal analyses of quartz monzonite porphyry

1 2
Phenocrysts: (percent) (percent)
Plagioclase.___ . .. 31 29
Orthoclage perthite_ - . ... 15.5 17
Quartz. . 4.7 14
Biotite and ehlorite_ - ... 4.2 1.3
Opaque minerals. _ .. ... 1.0 .8
Apatite. e Tr .3
Epidote, red iron oxide, and zireon.___ ... ________ 4 .1
Ot o e e 47 63
Groundmass
Potassium feldspar._. . ____ 27 22
Quartz. . . oo e 23 15
Plagioelase oo 23.0 ®
Total - - e 53 37

1. Quartz monzonite porphyry (specimen T15), 0.6 mile northwest of the
Esperanza (Duval) mine.

2. Quartz monzonite porphyry (specimen '_l‘16), 0.7 mile north of the Espe-
ranza (Duval) mine.

1 Phenocrysts of potassium feldspar make up 10 to 20 percent of the hand specimen
from which this thin section was cut.

2 Groundmass plagioclase is not twinned and is therefore difficult to distinguish from
other groundmass constituents.

541342—60——3
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RHYOLITIC TUFF

Rhyolitic tuff, which postdates the Cretaceous( ?) complex and pre-
dates the Helmet fanglomerate, is exposed southeast and east of
Helmet Peak (pl. 1). Paleozoic and Cretaceous(?) rocks are ex-
posed northwest of the area of outcrop, and the Helmet fanglomerate
is exposed south of it. The contact of the tuff with an andesitic unit
of the Cretaceous(?) complex is exposed at one place and is evidently
an unconformity. The tuff overlies andesite on an irregular surface
that dips steeply south, and the lower part of the tuff contains large
fragments of the andesite. The contact of the tuff with the Helmet
fanglomerate also dips steeply to the south. The tuff is soft and fri-
able near the contact. A few fragments of the tuff were found in the
lower part of the fanglomerate.

The typical rhyolitic tuff is grayish pink to grayish orange and is
well indurated. Hand specimens consist of crystals and fragments
of glassy feldspar, quartz, and biotite as much as 2 mm in diameter,
and larger lithic fragments, embedded in a glassy-looking matrix.
Most of the lithic fragments are of rhyolitic rock and are regarded
as accessory; that is, they are believed to be fragments of previously
consolidated volcanic rock torn from the volcanic vent by the same
eruption that yielded the juvenile constituents of the tuff. Some are
accidental fragments from the Cretaceous(?) complex.

In thin section, the typical tuff is seen to be a welded crystal tuff.
Crystals and angular fragments of plagioclase, sanidine, quartz, and
biotite are embedded in a matrix of compacted glass shards and
pumice fragments, now partly devitrified. Because the plagioclase
grains are andesine (Ang, s;) and are relatively abundant (analysis 1,
table 3) the rock may have the chemical composition of dacite or
rhyodacite rather than rhyolite.

TABLE 8.—Modal analyses of rhyolitic tuff and tuffaceous sandstone

1 2
Sty onny

Plagioclase - - - 23 34
Sanidine, —_— 4.8 2.3

Quartz _— - - ——— 87 21
Biotite _ 2.7 1.7
Opaque minerals N 1.5
Apatite Tr. ————

Lithic fragments 13 11
Calcite. ——_—— 1.0

Matrix 47 27

1. Rhyolitic crystal tuff (specimen T37), one-half a mile south of Helmet Peak.
2. Tuffaceous sandstone bed in Helmet fanglomerate (specimen T51), about 3 miles
southwest of Helmet Peak.
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Included with the rhyolitic tuff on the geologic map is a small iso-
lated outcrop of pale-red lapilli tuff, petrographically different from
the typical tuff. The pale-red tuff consists of angular fragments of
devitrified volecanie rock that contains phenocrysts of altered feldspar
and biotite, in a fine-grained clastic matrix of essentially the same
composition. There are a few angular chips of quartz in the matrix.
The red is due to disseminated hematite dust, which is sparse in the
fragments and more abundant in the matrix. Typical rhyolitic tuff
is exposed on three sides of the lapilli tuff.

The rhyolitic tuff is younger than the post-Cretaceous(?)-pre-
Helmet orogeny, for it truncates the Helmet Peak anticline and the
faults that cut the limbs of this fold (pl. 1). The tuff is not found
in contact with any of the upper Cretaceous or lower Tertiary in-
trusive rocks; therefore, the relative age of tuff and intrusive rocks
is indeterminate.

Whether the tuff is premineralization or postmineralization is not
clear. Diamond-drill holes through the alluvium east of Helmet
Peak indicate that the tuff, or some other unit that is indistinguishable
from it in hand specimen, is altered and metallized. On the other
hand, surface evidence suggests that the tuff may be postmineraliza-
tion; exposures of the typical tuff are unaltered, and beds of similar
tuff are found in the overlying Helmet fanglomerate, which is clearly
postmineralization. (Seetable 3.)

HELMET FANGLOMERATE

NAME

A deformed postmineralization conglomerate exposed near the cen-
ter of the Pima district is here named the Helmet fanglomerate, for
Helmet Peak, a conspicuous landmark less than a mile north of the
area in which the fanglomerate is exposed. The stratigraphy of the
fanglomerate must be inferred from scattered outcrops; therefore,
the formation has no type section in the ordinary sense. The most
nearly continuous exposures are along a north-trending line from a
point three-fourths of a mile southeast of Helmet Peak to a point
114 miles north-northwest of T'win Buttes village. (See pl. 1.)

GENERAL FEATURES AND GEOLOGIC RELATIONS

The Helmet fanglomerate is predominantly a coarse ill-sorted
conglomerate characterized by angular pebbles, cobbles, and boulders
in an abundant silty matrix. The color ranges from dusky red and
red brown in the lower part of the formation to light yellowish gray
in the upper part. In most outcrops the fanglomerate is no more
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consolidated than the Recent alluvium. Drilling data indicate that
parts of the formation are moderately well indurated at depth.

Fragments in the fanglomerate have been derived from various
Paleozoic formations, from the Cretaceous(?) sedimentary and vol-
canic rocks, intrusive porphyries, and the granodiorite. Some frag-
ments of Paleozoic and Cretaceous(?) rocks are metamorphosed and
copper stained. The proportion of the various rock types is not
constant, and in some beds nearly all the fragments are of the same
rock type.

The fanglomerate contains concordant lenses of rigorously mono-
lithologic breccia, and to the west it interfingers laterally with such
breccias. Where exposures are best, the breccia masses seem to be
stratigraphic units of the Helmet emplaced as landslide blocks
while the fanglomerate was accumulating. Some of the bodies tenta-
tively interpreted in this way, and therefore assigned to the Helmet,
are very large and lie at and near the base of the formation (pl. 1).
These masses are partly surrounded by fanglomerate and might rep-
resent pre-Helmet hills that were buried by the fanglomerate, or they
might have been emplaced by unknown intra-Helmet or post-Helmet
faulting.

Andesite lava flows and rhyolitic tuffs and tuffaceous sediments are
intercalated with the fanglomerate. The andesite flows are found in
the lower part of the formation (pl. 1). The rhyolitic tuffs and
tuffaceous sediments are dispersed as thin units higher in the forma-
tion; these units are not shown on the map because of scale
limitations.

Bedding in the fanglomerate is generally obscure, but here and
there changes in color, texture, and composition are sufficiently abrupt
to permit measurement of the dip and strike (pl. 2). The tuff and
tuffaceous sediments are generally in distinct beds. A total of 28
bedding measurements have been made. Statistical analysis of these
data by graphic means reveals a nearly uniform strike of N. 60° E.
and dip of 56° SE. (See fig. 16.) Strata in the upper part of the
formation have the lowest dips and greatest variation in strike.

Unquestionably there would be more scatter in the bedding attitudes
if more data were available and if observations were uniformly dis-
tributed geographically. Though observations were made in nearly
all parts of the outcrop area, some of the observations are clustered
where bedding is distinet, and the results are biased thereby. Never-
theless, the general conclusion that the formation dips moderately
steeply to the southeast seems to be well substantiated and is con-
firmed by the preferred orientation of flat fragments in the fanglomer-
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N

Strike N 60° E : dip 56° SE

S

Ficure 16.—Contour diagram of poles of 28 bedding planes in Helmet fanglomerate,
Equal-area projection of lower hemisphere. Contoured at 0, 5, 10, 15, 20, 25, 30, 385,
and 40 percent.

ate at many places where bedding attitudes cannot be measured
precisely.

Along its northwest side, the Helmet fanglomerate isin depositional
contact on the rhyolitic tuff and probably on the Cretaceous(?) rocks.
To the northeast it extends beneath Quaternary alluvium at least 4
miles as shown by drill holes. The other boundaries are fault contacts
with Precambrian granite, Paleozoic sedimentary rocks, and grano-
diorite. The consistent southerly dip of the fanglomerate indicates
that the fault or faults on the south must have large displacement.
The interpretation herein suggested is that the southwestern, south-
ern, and southeastern boundaries are defined by the low-dipping San
Xavier thrust, offset at one place by a steep north-trending fault called
the Ruby fault.
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LITHOLOGY

The lithology and distribution of rocks of the Helmet fanglomerate
will be described in this section, particularly the aspects that bear on
origin and stratigraphic sequence.

CONGLOMERATES

The conglomerates, which make up most of the formation, are gen-
erally coarse, ill sorted, and poorly bedded. Most of the fragments
are angular to subangular, although a few well-rounded pebbles,
evidently second-generation pebbles from Cretaceous(?) conglomerate
units, were found near the base of the formation. At some places,
pebbles, cobbles, and boulders were fractured and faulted slightly
after deposition (pl 3).

Variations in color, lithology of fragments, and sedimentation fea-
tures indicate three gradational stratigraphic units: (a) a lower red
unit that underlies a zone of andesite flows, (b) an intermediate, gen-
erally brown unit that overlies the andesite flows and contains lentils
of monolithologic breccia and thick nearly monolithologic conglom-
erate beds, and (¢) an upper light-gray unit that forms the highest
part of the formation exposed. (See pl. 1.)

The lower red unit ranges in color from dusky red and dark reddish
brown to pale reddish brown and locally brownish gray. It is the
most consistently unstratified part of the formation though its gen-
eral southeast dip is commonly revealed by the preferred orientation
of tabular fragments and by ill-defined variations in texture. Some
fragments are as much as 5 feet in diameter, but relatively few are
above cobble size. Most are of Cretaceous(?) arkose. Fragments of
porphyry, including Cretaceous(?) rhyolite and andesite, are gener-
ally present and are abundant locally. Granodiorite fragments are
scarce, and no fragments from Paleozoic or Precambrian formations
have been noted.

Parts of the red unit are exposed in the northern two-thirds of the
Helmet fanglomerate preserved west of the Ruby fault. Here the red
unit is more consolidated than east of the fault; it contains lentils of
monolithologic breccia and interfingers with such breccias to the west
(pl. 1). Rock types in the breccia are particularly abundant as frag-
ments in the immediately adjacent conglomerate. For example, gran-
odiorite fragments are fairly abundant near a lentil of granodiorite
breccia but were not found elsewhere in this area; where the conglom-
erate interfingers with Cretaceous( ?) monolithologic rhyolite breccia,
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about half of the fragments in the conglomerate are like the rhyolite
in the adjacent breccia.

The brown unit, which overlies the andesite flows, has more diverse
lithology than the red unit. Light- to moderate-brown conglomerate
is abundant and contains red, gray, yellowish-gray, and greenish-gray
beds. Thin layers of tuff and tuffaceous sediments are present, as are
monolithologic-breccia lentils of Paleozoic and Cretaceous(?) rocks.
The fragments in the conglomerates are mostly from the Creta-
ceous(?) complex, but some are of granodiorite and Paleozoic rocks,
including copper-stained tactite. Scarce fragments of the underlying
andesite flows are present.

More conglomerates of the brown unit are monolithologic toward
the southwest. The part of the unit west of the Ruby fault is com-
posed almost entirely of fragments of Cretaceous(?) volcanic rocks.
Exposures are poor, but float indicates that rhyolitic and andesitic
types predominate in alternate layers tens of feet in thickness. East
of the Ruby fault, some conspicuously monolithologic conglomerate
units are found in the southern part of sec. 23 and the southwestern
part of sec. 24, T. 17S,,R. 12 E.

The brown unit grades upward into a gray unit which is the highest
part of the formation exposed. The conglomerates in the gray unit
range from very light gray to grayish yellow, grayish orange pink,
and light brown. Their fragments are of all types found in the lower
units. Some tendency toward monolithologic composition was noted
southwest of the Ruby Star Ranch, where small and large fragments
of granodiorite constitute as much as 50 percent of the total, and no
fragments of Paleozoic rocks were noted.

The gray unit, which is confined to the block east of the Ruby fault,
contains sparse thin beds of tuff, and also of poorly consolidated sand-
stone, siltstone, and bedded conglomerate. Some masses of brecciated
Paleozoic limestone occur along and near the San Xavier thrust,
which cuts off the unit to the south. The easternmost and largest of
these masses is probably a landslide block.

ANDESITE FLOWS

Tabular bodies of distinctive porphyritic andesite crop out within
a thin zone in the lower middle part of the Helmet fanglomerate (pl.
1). These bodies are regarded as lava flows rather than as intrusive
bodies because they appear to be rigorously concordant, they have red
vesicular tops, and fragments of the andesite are found as boulders in
the overlying fanglomerate. The macroscopic characteristics of a
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typical flow are given in the following section measured several hun-
dred yards west of the T'win Buttes road :

Recent alluvium.

Unconformity. Feet

Andesite flow, porphyritic, about 85 percent large (5- to 25-mm) t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>